Psoriasis is an autoimmune disease associated with the production of pro-inflammatory cytokines. The identification of these molecules in the pathogenesis of psoriasis facilitated the use of monoclonal antibodies to block their actions as a treatment for severe psoriasis. An increased inflammatory response has been documented in patients with obesity, a condition that is associated with the occurrence and severity of psoriasis. Osteopontin (OPN), TNF and CXCL9 levels are enhanced in patients with psoriasis, although OPN has been documented in the adipose tissue of obese patients without psoriasis. The prevalence of obesity is much higher in psoriasis patients compared with the general population. Thus, we aimed to evaluate the relationship between cytokine levels and psoriasis in the context of obesity. We compared OPN and CXCL9 plasma levels among 117 psoriasis patients and 27 healthy body mass index-matched subjects using ELISA. We also analyzed the TNF, CCL2 and CCL5 levels in a smaller subgroup of patients and matched controls. Median OPN, CCL5 and CXCL9 levels were significantly higher in psoriasis patients compared with the controls, independent of obesity. There was no difference between the median CCL2 levels in the psoriasis patients and the controls (P < 0.05), although the CCL2 levels were elevated in obese patients compared with non-obese psoriasis patients (P < 0.001). Facial involvement and the psoriasis area severity index (PASI) score were not associated (P < 0.05) with OPN levels or elevated levels of chemokines. There was no significant correlation between the OPN and CXCL9 levels or the OPN and TNF levels in psoriasis patients. This work confirms that OPN, CCL5 and CXCL9 plasma levels are higher in psoriasis patients and provides evidence that their higher levels are not a consequence of obesity. Furthermore, the results demonstrate that OPN production is independent of TNF-a and CXCL9.
Introduction
Osteopontin (OPN) is a glycoprotein produced by immune system cells, adipose tissue macrophages, keratinocytes, hepatocytes, smooth muscle, endothelial cells, and osteoblasts, among others [1] . OPN can interact with different ubiquitously expressed receptors, including integrins and CD44 variants, and acts in physiological and pathological processes, including inflammation and immune responses, enhancing Th1 and inhibiting Th2 responses. OPN also participates in the regulation of Th17 cell lineage and is associated with autoimmune disorders, such as rheumatoid arthritis and Crohn's disease [1] . OPN has two variants: secreted and intracellular. Secreted OPN functions in adhesion, cellular migration, secretion of Th1 cytokines, and prevents apoptosis. Intracellular OPN regulates macrophage migration and secretion of TNF-a from dendritic and plasma cells. Both OPN variants participate in the regulation of the Th17 cell lineage and are associated with autoimmune disorders [1, 2] . Elevated serum concentrations of OPN were identified in psoriasis patients [2, 3] and in the adipose tissue of obese subjects [3] as a result of macrophage accumulation [4] ; elevated OPN levels may contribute to obesity-induced inflammation [1] . This could explain why OPN concentrations are not reduced after bariatric surgery weight loss [3] [4] [5] [6] , why OPN levels in obese individuals do not correlate with body fat percentage, and the high expression of OPN in adipose tissues [7] .
Chemokines are often found at higher levels in peripheral blood than cytokines, making them a more convenient and reliable target for quantification [8] . may be an interesting alternative to specific cytokine blockade, as chemokine receptors have more than one ligand and different chemokines can bind to different receptors. This may favor chemokines and OPN as the most promising biomarker candidates in psoriasis [2, 9] . The chemokine network of different chronic inflammatory skin diseases, such as psoriasis and atopic dermatitis, reflects the predominant Th polarization. CC chemokines may be associated with eosinophil and Th2 cell chemoattraction in atopic dermatitis, while CXC chemokines associate with neutrophils and Th1 in psoriasis [10] . Psoriasis epidermis lesions express CCL4, CXCL8, CXCL2, CCL2, CXCL9, and CXCL10 [11, 12] . CXCL9 is among the most studied chemokines in psoriasis; in keratinocytes, dose-dependent inhibition of CXCL9 transcription occurs after dimethyl fumarate therapy [13] and its levels are consistently higher in psoriasis patients when compared to controls [14, 15] . High serum levels of CXCL8, CXCL9, and CXCR3 were also described in psoriasis patients [12, 13] . The levels of CCL2 and CCL5 decrease after Goeckerman therapy and consequent improvement of skin lesions [16] ; nevertheless, this field remains controversial. Recently, a positive correlation between OPN and BMI in obese individuals was observed [17] . Plasma OPN levels are raised in patients with coronary artery disease, hypertension, and diabetes mellitus [18] ; chemokines, cytokines, and adipokines are frequently enhanced in obese individuals as well [19] . Chemokines, including CCL2, CCL5, CCL7, CCL8, CXCL5, CXCL8, and CXCL10, are overexpressed in adipose tissue and their serum levels are dramatically increased in obese versus lean individuals [20] . According to Maksymowych et al., the effect of comorbidities on levels of a soluble biomarker is an important source of variability that should be examined [21] .
The role of cytokines and chemokines in psoriasis is well-studied, but the relationship between osteopontin, obesity, and psoriasis is not completely understood.
As obesity prevalence is much higher in psoriasis patients [22, 23] , this prompted us to investigate whether OPN, CXCL9, CCL2, and CCL5 elevation in psoriasis is associated with the presence of obesity. Moreover, we analyzed if these molecules could also be biomarkers of psoriasis severity.
Methods

Patients
From August 2010 to June 2013, 117 adult (P18 year-old) patients who presented plaque psoriasis and 29 body mass index (BMI)-matched controls were admitted to the outpatient Dermatology Clinic of the Federal University of Bahia (Brazil) and invited to participate in the study. The patients had not used any systemic psoriasis drug or been submitted to phototherapy in the preceding 4 weeks. Patients and healthy volunteers signed an informed written consent to participate in this study, which was approved by the Maternidade Climério de Oliveira ethics committee. Clinical parameters were collected, including age, gender, body weight, height, psoriasis severity, waist circumference, facial/nail involvement, duration of disease, age of onset, family history, smoking status, previous and current therapies, and the presence of comorbidities (including hypertension, diabetes, dyslipidemia, depression, psoriatic arthritis (PsA), among others). The psoriasis area severity index (PASI) was used to assess the severity of psoriasis and a score P10 was considered as moderate-to-severe psoriasis. Facial involvement was also analyzed as a predictor of severity [24, 25] . Obesity was diagnosed if BMI P 30. Central obesity was considered if waist-to-hip ratio (WHR) P 0.9 in men or P 0.85 in women or waist-circumference (WC) P 102 or 88 cm, respectively, or if waist-to-height ratio (RWH) P 0.5 in both genders.
Measurement of plasma OPN, TNF-a and chemokines concentrations
For each participant, 10 mL of venous blood samples were collected. After 15 min of centrifugation at 400g, the plasma was rapidly pipetted off and kept frozen at À20°C until analysis. OPN levels were evaluated by Quantikine Ò enzyme-linked immunosorbent assay kits purchased from R&D Systems Europe (product code DOST00, Abingdon, UK). The sensitivity limit of this assay was 0.011 ng/mL. Quantities of OPN in the samples were calculated in comparison to a serial standard, and the results were expressed as ng/mL. CXCL9 was analyzed by a Quantikine Ò ELISA Human CXCL9/MIG Immunoassay (R&D, product code DCX900). The detectable CXCL9 ranged from 31.3 to 2000 pg/mL. CCL2 and CCL5 were analyzed by a Human CCL2/MCP-1 Quantikine Ò ELISA Kit (R&D, product code DCP00) and a Human CCL5/RANTES Quantikine Ò ELISA Kit (R&D, product code DRN00B), respectively, whose assays' ranges were both 31.2-2000 pg/mL. TNF was analyzed by a Human TNF ELISA Kit Bd OptEIA™ (BD Biosciences Pharmingen 555212). The detectable TNF-a ranged from 7.8 to 500 pg/mL. The immunoassays were performed according to manufacturer's instructions and a SoftMax Ò ProV5 spectrometer was used in these assays.
Statistical analysis
A total of 117 plasma samples from psoriasis patients and 27 plasma samples from BMI-matched control subjects were enrolled. Two control subjects were excluded to match the groups by BMI. Osteopontin was determined in all plasma from patients and controls and TNF-a was analyzed in 74 psoriasis patients. For CCL2 and CCL5 levels, we analyzed a subgroup of 31 patients and 9 controls (approximately, 1/3 of patients and 1/3 of controls, selecting the first 31 patients and 9 controls readily available for analysis). In order to reduce the interference of intermediate PASI values in the analyses, besides comparing PASI 6 10 versus PASI > 10, patients were also compared for having PASI values 6 10 versus > 15. Statistical analyses were performed in GraphPad Prism 5 version 5.00 for Windows (GraphPad Software, San Diego, California, USA) and SAS 9.0 Ò (SAS Institute Inc., Cary, NC, USA). Quantitative variables were analyzed using a Kolmogorov-Smirn ov-Lilliefors normality test. Comparisons between quantitative variables were performed using the Mann-Whitney and KruskalWallis tests. The chi-square test was used to determine the association between two categorical variables. Correlations between non-parametric distribution variables were ascertained using the Spearman test. Analyses of receiver operating characteristics (ROC) curves were performed to calculate the cut-off values of plasma OPN associated with the occurrence of psoriasis, according to the most accurate values obtained. A logistic regression model was conducted to evaluate the association between plasma OPN levels, psoriasis, and psoriasis severity, and between psoriasis and the epidemiological features of the psoriasis patients. Results were considered statistically significant at P-values < 0.05.
Results
Epidemiological features and obesity evaluation in patients with psoriasis and control subjects
The age, gender, and different measurements of obesity are shown in Table 1 . There was a significant difference in age between the two groups. The two groups were comparable regarding obesity evaluation. Thirty-seven patients (31.2%) presented moderate-to-severe psoriasis (PASI P 10). The mean ± SD PASI score was 9.0 ± 8.0 (range: 0.5-40.9). PsA was diagnosed in 16 (13.6%) patients. Other comorbidities were diagnosed, including diabetes mellitus (12; 10%), hypertension (30; 25.6%), dyslipidemia (25; 21.3%), alcohol use (63; 53.8%), smoking (50; 42%), and non-alcoholic fatty liver disease (10; 8.5%). A family history of psoriasis was present in 48 (41%) patients. Facial and nail involvement were seen in 49 (41%) and 56 (47%) patients, respectively. PASI scores of patients with facial involvement (12.1 ± 9.0) were higher than in patients without (6.8 ± 6.4, P < 0.001).
Age and duration of the disease did not present a linear correlation (P = 0.354; Spearman). Possible medications that could interfere in psoriasis severity were registered as follows: angiotensin convertor inhibitor (three patients), b-blockers (two patients), and non-steroidal anti-inflammatories (two patients).
Levels of OPN in psoriasis and control group
OPN levels in psoriasis patients (median 44.6 ng/mL (range 3-500)) were significantly higher than those in the healthy control group (median 12.5 ng/mL (range 2.5-47.5; P < 0.05)) (Fig. 1) . OPN levels were compared, with controls, between obese and non-obese patients. (Fig. 2) ; there were no differences between obese and non-obese psoriasis patients, but both groups had statistically higher levels of OPN compared to their related controls. Additionally, in patients with psoriasis, no statistical correlation between BMI and OPN was observed. No differences in OPN levels were found between patients with PASI < 10 Â PASI P 10 nor between patients with PASI < 10 Â PASI P 15. OPN levels were not associated with the presence of facial involvement or PsA. Central obesity, determined by RHT, WC, and WHR, did not show significant differences in OPN levels. Comparing patients with recently diagnosed psoriasis (65 years) versus long-term psoriasis (P15 years), there were no differences in OPN levels. No other epidemiological variable influenced OPN levels.
Analyses of non-parametric ROC were performed to calculate the most accurate cut-off value of plasma OPN. The area under the curve was 0.795 (95% confidence interval [CI] 0.712-0.878). The best cut-off value of plasma OPN for the occurrence of psoriasis was 17.65 ng/mL, with 76% sensitivity and 77% specificity. A logistic regression model demonstrated that OPN levels above this cut-off were positively associated with psoriasis (b1 value 2.9575; p < 0.001). The occurrence of high OPN plasma levels was associated with an OR = 19.25 for the occurrence of psoriasis in relation to healthy individuals (95% CI 6.82-54.3). Moderate to severe psoriasis was not a predictor of high OPN levels (b1 value 0.2166, P = 0.7). Despite age differences among patients and controls, no association between high OPN levels and age or disease duration was found. For multivariate analyses, we chose possible risk factors for high OPN levels ( Table 2 ).
Levels of chemokines (CCL2, CCL5 and CXCL9) in psoriasis and control groups
CCL5, and CXCL9 were significantly higher in psoriasis patients than in controls (Fig. 3) . To evaluate if chemokine levels are influenced by psoriasis severity or by obesity, they were compared between patients with PASI < 10 and PASI > 10, patients with Legend: BMI -body mass index; WC -waist circumference; WHR -waist-to-hip ratio; RWH -waist-to-height ratio. Fig. 1 . Comparison of osteopontin (OPN) plasma levels between patients and controls ⁄⁄⁄ P < 0.0001. PASI < 10 and PASI P 15, and obese and non-obese patients. No correlation was found between PASI score and OPN (P = 0.4) or CXCL9 levels (P = 0.1). There were no differences observed between obese and non-obese psoriasis patients, except for CCL2 levels, which were, on average, 690 pg/mL (260-4230) and 425 pg/mL (129-3080), respectively (P < 0.001). Psoriasis severity did not alter CXCL9, CCL2, or CCL5 levels. Central obesity, determined by RHT, WHR, and WTR, did not show significant differences in chemokine levels in psoriasis patients or in controls. To evaluate if OPN levels were associated with TNF and CXCL9, two known chemokines that are enhanced in psoriasis patients, the values of OPN and TNF and OPN and CXCL9 were plotted in Fig. 4a and b, respectively. OPN levels were not correlated with TNF (P = 0.68; Spearman) or with CXCL9 (P = 0.88; Spearman).
Discussion
Pro-inflammatory cytokines are produced in elevated concentrations in psoriasis and obesity. Recently, accumulating evidence shows an increase in OPN levels in both psoriasis and obesity patients. There are strong associations between obesity and psoriasis, the severity of psoriasis increasing with increase in weight. [22, 23] . In the present study, we confirmed that osteopontin, CXCL9, and CCL5 were higher in patients with psoriasis than in BMI-matched controls. Patients and controls were not age-matched in this work, which may be a drawback. In the present study, we showed, by multivariate logistic regression analysis, that neither age nor disease duration were associated with OPN levels P17.65.
We confirmed previous observations that OPN plasma levels were enhanced in patients with psoriasis. However, the absence of differences between OPN levels in obese and non-obese psoriasis patients and between obese and non-obese controls suggests that OPN is a factor in psoriasis pathogenesis. We also showed that increases in CXCL9 and CCL5 levels in psoriasis were not affected by obesity or central obesity. Moreover, the absence of a correlation between OPN and TNF or CXCL9 levels suggests that the source of OPN in psoriasis patients may be different than that of TNF and CXCL9.
High serum concentrations of OPN were identified in psoriasis patients and also in obese patients without psoriasis [2, 3] . Studies have shown increased plasma levels of OPN in obese versus lean subjects, but no differences were found between obese and overweight patients [17, 26] . Nevertheless, the result of weight loss on OPN levels is not clear, as different studies have shown conflicting findings [4] [5] [6] [7] . Additionally, OPN levels in psoriasis patients may be influenced by the presence of comorbidities; an association between high OPN levels and hypertension or diabetes was observed [27] . Therefore, it is possible that OPN participates in the pathogenesis of inflammatory and metabolic conditions associated with obesity, including non-alcoholic fatty liver disease and atherosclerosis, more than reflecting high BMI per se.
In the present study, using a considerable number of psoriasis patients and obese and non-obese controls, it was observed that OPN was higher in psoriasis patients than in controls, though we did not find an association between obesity and increasing levels of OPN. The absence of a relationship between obesity and OPN may be because its activity is primarily in the adipose tissues and not in the circulation [28] .
PsA is an important and severe complication of psoriasis. According to some studies, facial involvement has received little attention and might be a sign of severe psoriasis [24, 25, 29] . We observed in our cohort 41% of patients with facial involvement and 13% with PsA. The identification of biomarkers associated with psoriasis severity is important to predict the natural history of the disease, identification of patients with susceptibility to develop severe disease, and to determine the early use of more effective therapies. Attempts to associate cytokine levels, and more specifically chemokines such as CCL2, CCL3, CXCL1, CXCL9, IL-6, and IL-12 or IL-13, with psoriasis severity have shown contradictory results [14] [15] [16] . One study showed that, despite higher levels of CXCL9, CXCL10, CCL17, CCL20, and CCL22 in psoriasis patients than controls, only CCL20 correlated with disease severity and none of these cytokines were affected by clinical improvement after UVB therapy [14] . Another study did not find differences in CXCL9, CXCL10, or CXCL16 between patients and controls, nor correlation with disease severity [30] . IL-1, IL-6, CCL2, CCL3, CCL5, CXCL5, CXCL1, CXCL8, and CXCL9 were evaluated by two different studies, which did not find correlations with disease severity [15, 16] . Finally, a meta-analysis evaluated 22 studies on IL-6, and concluded that PASI has no effect on the standardized mean differences in IL-6 [31] .
Regarding OPN, one study found a high correlation between OPN and PASI [32] , although several studies in psoriasis patients have not found any correlations between plasma OPN and PASI [27, 33, 34] . Two studies evaluated correlations between immunohistochemistry expression of OPN and severity [35, 36] , but only in one case was a correlation between PASI and OPN documented. However, both studies were performed with small samples. Factors that may contribute to the contradictory findings include age, obesity, and disease duration. In the present study, these confounding factors were considered and no association between PASI and OPN was documented. Tissue OPN, detected by ELISA, was compared among patients in treatment with methotrexate, cyclosporine, and PUVA and healthy volunteers. Baseline lesional skin OPN levels correlated to PASI. The three therapeutic modalities were associated with significant decreases in the mean levels of PASI and tissue OPN. PUVA achieved the greatest reduction in OPN levels, although it caused the least reduction in PASI; cyclosporine promoted the greatest reduction in PASI, but did not cause the greatest reduction in OPN levels [37] . An indirect correlation with psoriasis severity is the finding that the intensity and quality (nuclear or cytoplasmatic pattern) of OPN expression were modified after PUVA therapy [34] .
We found that CCL5 and CXCL9 levels in psoriasis patients were higher than those observed in the control group and not affected by psoriasis severity or obesity. CCL5 is a T lymphocyte chemotactic factor and its increase is in agreement with the pathogenesis of psoriasis [15, 16] . Studies have shown that CCL2 levels in psoriasis patients are higher than in normal subjects [15, 16] , promoting angiogenesis and inflammation [16] , and reduced after biological therapy [38] . CCL2 is the most extensively studied CC chemokine and has a role in the pathogenesis of obesity and macrovascular complications of diabetes [39, 40] . Several studies associated high CCL2 levels with atherosclerosis, but it has not yet been proven whether this finding is independent of traditional cardiovascular risk factors, including hypertension [18, 41, 42] . Atherosclerosis and psoriasis share several pathogenic pathways and, up to now, CCL2 enhancement appears to correlate more strongly in obese individuals than in those of normal body weight [39] . We did not observe differences in CCL2 levels between psoriasis patients and the control group. Our findings may be related to one or both of the following factors: High CCL2 levels detected in obese versus non-obese patients, although these were not confirmed by other anthropometric measures; and/or a small subgroup sample. Further studies addressing CCL2 levels in larger cohorts of BMI-matched psoriasis patients and controls are needed, and the effects of a number of comorbidities must be evaluated to consider CCL2 as an independent psoriasis biomarker. We also highlight that one limitation of CCL5 and CCL2 subgroup analysis is the fewer number of controls.
As psoriasis treatment knowledge has progressed, novel approaches, such as phosphodiesterase 4 inhibitors (PDE4), which inhibit several pro-inflammatory cytokines and chemokines' production simultaneously, have demonstrated the clinical relevance of chemokines [43] . Furthermore, this reinforces the need to understand the chemokine network on psoriasis pathogenesis. As OPN receptors were found in keratinocytes and monocytes [1] , it is possible that OPN could enhance cytokine and chemokine production by activating these cells, which could, in turn, enhance Th1 or Th17 polarization. Local expression of OPN in lesional keratinocytes, inflammatory cells, and endothelial cells and its correlation with severity favors the hypothesis that OPN is involved in the pathophysiology of psoriasis [35] . The absence of correlation between plasma OPN and CXCL9 or between plasma OPN and TNF may be related to an independent inflammatory pathway or source of OPN in psoriatic disease and needs to be confirmed by other studies. In contrast to plasma OPN, it is possible that the high correlation of skin OPN with psoriasis severity reflects a local role and a more pronounced action in the epidermal and dermal compartments of psoriatic skin than in circulating T cells. Analogous to macrophages of adipose tissue in obesity and synovial T cells in rheumatoid synovitis, the overexpression of OPN in psoriasis seems to be correlated to disease severity only in the skin, as suggested by previous studies. The confined reduction of local OPN after systemic therapies or phototherapy may reflect an indirect rather than direct effect of the therapy on OPN levels, once OPN is not proportionally reduced with the decrease of PASI score [28, 37, 44] . Since OPN plasma levels were also reduced after therapy with adalimumab or etanercept [45] , further studies addressing OPN levels in non-responder patients treated with anti-TNF-a are necessary to investigate its importance as an alternative inflammatory pathway in psoriasis.
In conclusion, this work emphasizes that OPN, CCL2, CXCL9, and CCL5 plasma levels might not be biomarkers of psoriasis severity, but that OPN, CCL5, and CXCL9 elevation in psoriasis patients is not a consequence of excess weight. Moreover, the absence of a relationship between OPN and the production of inflammatory cytokines and chemokines emphasizes the importance of this molecule in psoriasis pathogenesis and as a psoriasis biomarker.
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